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Key Requirements for Soil Moisture/Freeze-Thaw

Spatial Resolution Radar
« 10 km for soil moisture * Frequency: L-Band (1.26 GHz)
(Hydrometeorology) * Polarizations: VV, HH, HV
 1-3 km for freeze/thaw * Resolution: 3 km
(Land carbon source/sink) * Precision (K, noise): 0.85dB

* Rel. Calibration Accuracy: 0.45 dB

Coverage/Revisit

Radiometer

* Frequency: L-Band (1.4 GHz)
 Polarizations: V, H, U

* Resolution: 40 km

« Relative Accuracy: 1.5 K

« 3 days for soil moisture

« 2 days for freeze thaw (at
latitudes where applicable)

Incidence Angle

« Constant incidence angle
between 35° - 50°.
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« Orbit: 670 km, sun-synchronous, 6 am/6 pm.

« Radiometer and radar share rotating 6 meter
diameter reflector antenna.

« Reflector 14.6 rpm rotation rate, fixed 40 deg
incidence angle.

Antenna Beam
Footprint

Soil Moisture Active/Passive (SMAP)
Mission

Radiometer and
Low-Res Radar

NASA HQ Workshop July 9-10, 2007
Arlington, VA

High-Res Radar |«

irgap in high res radar data: 200-300 km
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Objective:

Combine scene

3 km radar backscatter

(high resolution but noisy and no precise forward model)
and

40 km radiometer brightness temperature

(low resolution but relatively accurate)

into 70 km hydrometeorology soil moisture data product.

|dentify algorithm assumptions in testable and separable units.
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Evaluations with Observing System Simulation Model (OSSE)

S—cm Soil Moisture (% volume)

L—ban
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H—paol

e Subscript p or pq : polarization
* L, orL,: one-way attenuation factor

e Superscripts ¢, v, sv, and s are for total,
vegetation, interaction and surface terms, 13 UTC Julion Day 146
respectively

e T :temperature
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OSSE Design
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Minimum Performance Requirement

Assignment!
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Definitions:

Scales A and a refer to radiometer and radar
(aggregated to 10 km) respectively.

In the OSSE a=9 km and A=36 km.

Define the two linear operators:

change: A() = () - (),

where {5 is the revisit interval

1
Space-Average: () = K‘[ da

where A is the radiometer pixel
area containing all a’s.
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Assumption #1:

8(at)= a(a)+pla) loglofat)

i.e., soil moisture at radar scale is linearly related to log of radar backscatter.

Theoretical Model (from van Zyl, Kim, Shi)

HH-pol dominant return is double-reflection

VV-pol dominant return from soil attenuated by vegetation
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Apply time-difference operator A@(a, t) = [3(8) A |09[O(a,t)]

and with spatial aggregation <A6(a,t)> = <[3(a) Alog[o(a,t)}

Use definition of covariance COV%(,y}= <xy> - <X> : <y>

to write

(A8(a,t)) = covpla)alogloat)]+ (8(@))(aloglola,t))

Assumption #2: COV{S(a)IOg[O'(a, t)]}: 0

i.e., slope B (due primarily to vegetation and roughness) and
backscatter fluctuations (due to soil moisture) themselves are uncorrelated.

H .
I I I I I Massachusetts Institute of Technology



(A8(at) = (@) - (Aloglola,t))

= A0, (At)

300 |-

Assumption #3: [3(8)= <[3(a )>

l.e., variations in vegetation type occur principally
at scales larger than A.
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Slope B can be estimated using regression of radiometer and radar data at scale A:

A0, (At)=(p@) - (Aloglo(a,t)}
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Now we can use the definition of the time-change operator to write A6 (At)= <[3(a)> ° <Alog[0(a,t)]>

as Algorithm:  8(a,t)= 0(a,t -tz )+ (B@)Aloglo(a,t)]

Slope <[3’(a)> is determined using radiometer and radar as they become available.
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3km m, RMSE Based on Achh+cw Kp=0 Radiom.Error=0%
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Radar Noise Level

Number of Looks per 3 km Cell
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Footprint
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Skmm, RMSE Ratio Based on Aoy, Kp=0.1 5 Radiom.Error=4%
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Ratio of Algorithm RMSE to
‘Minimum Performance’ RMSE

Where <1 value is added with
active-passive approach
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Conclusions:

1. Coincident active radar and passive radiometer L-band measurements offer
varying advantages: Resolution for radar and retrieval accuracy for radiometer

2. Physics-based inverse model for radar is difficult to define

3. At constant incidence angle the change in radar signal isolates the soil moisture
signal (slow-varying vegetation and surface roughness contributions)

4. An algorithm can be defined for multi-scale measurements that has three
isolated and testable assumptions:

l. Logarithm of radar backscatter scales linearly with soil moisture

lI.  Slope (due primarily to vegetation and roughness) and backscatter fluctuations (due to soil
moisture) themselves are uncorrelated

lll.  Variations in vegetation type occur principally at scales larger than tens of kilometer.

5. OSSE results show that radar-radiometer synergy is promising for
hydrometeorology 10 km soil moisture data product from SMAP mission
approach.

6. Tests using PALS and other field experiment data is next.
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